This research paper provides an overview of road transport freight vehicle emissions with the purpose to provide an outlook for vehicle emissions trends and standards. It describes the impact of vehicle emissions and assesses the adequacy of emission limits adopted for new passenger car engines and for heavy-duty diesel engines. It briefly outlines the Jevons paradox indicating its importance in the field of fuel efficiency. Finally a new real time method for the assessment of CO 2 emissions as a function of the individual goods transported is also reported here.
Introduction
Continuing air quality problems from vehicle related pollution have been stimulating innovative pollution control approaches around the world. As these approaches are implemented, steady progress is made in reducing air pollution problems. However, the vehicle population and kilometres travelled by vehicles continues to increase, especially in the new members of the EU. To keep pace with this growth while lowering vehicle pollution even more, the EU is continuing to develop even tighter controls for the coming years [1] . In Europe, European Union light and heavy-duty vehicle and internal combustion engine standards have been substantially tightened over the past few years. There has been a conscious decision to set less stringent standards for diesel fuelled cars than for gasoline fuelled cars in recognition of the superior fuel economy potential of diesel vehicles. One response to reducing greenhouse gases has been to increase the use of highly efficient diesels in the passenger car and light truck sectors. However, these vehicles emit higher amounts of NO x and particulate matter than the gasoline fuelled alternatives. Further, some evidence indicates that currently applied technologies which reduce the mass of particulate matter emitted may result in an increase in the number of very small particles. Since smaller particles have the potential to be ingested more deeply into the lung than larger particles, they may actually be more hazardous. The three primary drivers leading to increases in the world's vehicle fleets are population growth, increased urbanisation and economic improvement. According to the United Nations, the global population increased from approximately 2.5 billion people in 1950 to 6 billion people in late 1999 and it is projected to increase by an additional 50% to 9 billion by 2050. This growth will not be evenly distributed but will be concentrated outside of the OECD, in Asia, Africa and Latin America. Simultaneously, all regions of the world continue to urbanise with the greatest increases expected in Southeast Asia, and South and South West Asia. This is significant since per capita vehicle populations are greater in urban than in rural areas. According to the OECD, annual GDP growth rates over the next two decades will be highest in China, East Asia, Central and Eastern Europe and the former Soviet Union which will stimulate growth in vehicle populations in these regions. Worldwide, cars, trucks, buses, and other motor vehicles continue to play a dominant role in causing air pollution. In the European Union as a whole, road vehicles are the largest source of CO, NO x and non-methane hydrocarbons [2] . Prior to the adoption of the Euro 3/4 requirements, forecasts indicated that vehicles would remain a major emissions source out to 2030. In densely populated urban areas, vehicles can be a major source of exposure to particulates as well. Currently, road vehicles account for 74% of nitrogen oxides and 94% of black smoke emissions in London. On their own, diesels account for 32% and 87% of total emissions (43% and 92% of vehicle emissions) for these two pollutants respectively [3] . Further, when focusing on emissions in congested city centres, the importance of vehicle emissions is even greater. In this instance, diesel bus emissions appeared to be the primary source.
Rapid progress in emissions controls
Legislators in most regions of the world have been significantly tightening their motor vehicle regulations to address the environment and health concerns described above. Major recent developments are summarised below. The European Commission set up the European Auto-Oil Program in 1994 with the European associations for the car industry (ACEA) and the oil industry, to provide the technical basis for the development of EU policy towards road vehicle emissions. The first phase of the programme was completed in 1996 and following two years of refinement, a three-part dossier to further reduce pollution from road transport in the Community was agreed, in 1998, by the European Parliament and the Council of Environment Ministers. The three dossiers cover:
• measures to be taken against air pollution by emissions from passenger cars (amendment of Directive 70/220/EEC);
• measures to be taken against air pollution by emissions from light commercial vehicles (pick up trucks, delivery vans etc.), amending the same Directive;
• the quality of petrol and diesel fuels (amendment to Directive 93/12/EC).
Overall the Auto Oil program has five sections:
• fuel quality;
• emissions from private cars;
• emissions from light commercial vehicles;
• emissions from heavy goods vehicles;
• adaptation of provisions relating to roadworthiness testing.
More specifically, the directives aim at:
• controlling those parameters in the composition of petrol and diesel that influence the level of atmospheric emissions, in particular sulphur, benzene, aromatics and lead;
• reducing the limit values for certain pollutants in new vehicle models being brought onto the market.
• In addition, improved control of the day-to-day emissions of vehicles in use is to be achieved by the mandatory fitting of on-board diagnostic systems, the introduction of a new testing procedure and a new test to limit evaporative emissions.
The resulting directives are interlinked, as the quality of fuel has a significant impact on emissions. The standards for passenger cars and Class 1 light commercial vehicles are identical. However, heavier light trucks in classes 2 and 3 have more lenient standards in relation to their weight.
Fuel efficiency of vehicles
It would be reasonable to think that fuel efficiency has a dominant role to play in the emission trends of vehicles and within that, the emission trends of road freight vehicles. Its influence is indeed significant but we have to be aware of the Jevons paradox, which might alter the final effects and might change the first expectations. One would logically think that better fuel efficiency would lead to lower fuel consumption and thus designing more fuel efficient vehicles would lead to a drop in the quantity of absolute fuel consumption. This in turn would reduce the negative environmental effects of road transport and lower the emission of greenhouse gases. Let us now look at the Jevons paradox which shows a different aspect of the question. William Stanley Jevons has made an observation in his work The Coal Question [4] . He has discovered that although the industrial usage of coal has become more efficient (thus more products could be produced by using one unit of coal) the absolute quantity of coal used has increased. At least two potentially complementary explanations of this paradox could exist. First, according to classic economics more efficient coal usage reduces the cost of coal for one product. Due to the decrease in price the producers see coal as a more desirable source of energy and so invest into technologies that use coal. The other explanation comes from political economics. According to this, the driver behind production is the profit which urges the industry to enhance efficiency (by reducing the resources used to produce one unit of output) and at the same time increasing the return by producing more and more products and services which leads to the increase in the resources used. Looking at the change in the fuel efficiency of cars and the absolute fuel consumption York has discovered the same phenomenon [5] . He examined the change of fuel efficiency of private cars and light trucks in the United States where fuel efficiency is regulated by CAFE (corporate average fuel economy) standards. The introduction of these values are much disputed though among the representatives of the automotive industry as they promote the design and production of more efficient vehicles, i.e. often smaller vehicles with smaller engines, which are expected by the consumers to be less expensive, while manufacturing these cars is just as costly as the production of the not so Per. Pol. Transp. Eng. environment friendly vehicles. In consequence they are not so cost efficient for the industry [6]. Nevertheless these standardswhich calculate fleet fuel economy by a harmonic mean -have contributed to fuel economy and have been used as the basis of calculation to prove the effect of Jevons paradox in the field of fuel efficiency. The CAFE value of light trucks was found to be 20.6 mpg (approx. 8.8 km/l) in 1984, and increased slightly to 21 mpg (approx. 8.9 km/l) in 2001. But their average weight has augmented significantly in the same period, from 3804 pounds (approx. 1725 kg) to 4501 pounds (approx. 2040 kg). Thus the fuel efficiency has also increased considerably in the same period: from 78 364 p-m/g (approx. 15 100 kg-km/l) to 94 521 p-m/g (approx. 18 200 kg-km/l). This means that the fuel efficiency of light trucks has increased by 20.6% in the reference period. The same calculations for private cars show a growth of 16% in fuel efficiency (see Fig. 1 ). It can be concluded that more efficient engines and streamlined car-bodies have reduced the quantity of fuel used by the individual vehicles. But research shows that this process has not led to a decrease in fuel consumption, quite to the contrary: the rate of the more fuel consuming light trucks among the vehicles has grown from 24.4% to 46.6% in the same period. Also the average distance covered by road annually has increased from 15 000 kilometres to 19 000 kilometres in the reference period, just as well as the number of vehicles per capita has also increased considerably. Utilisation of biofuels could be a way of reducing CO 2 output. The role of the alternative and advanced fuels will be increasing in the next years, but the hegemony of traditional fuels will not broken expectedly [11] .
Consequently looking at the trend of fuel consumption it is evident that the absolute consumption augmented as fuel efficiency prompted car users to utilize their vehicles even more often and more inhabitants opted for buying and using cars.
Coupling CO 2 emissions with the units of transported goods
The conventional method to assign the emitted amount of CO 2 to transported goods is carbon footprint labelling. However this method is not precise enough since the values of emission are calculated on the basis of statistic data even before the transportation takes place. A new possibility seems to emerge for the solution of the above mentioned problem with the advent of real time assignment of CO 2 emissions. The aim of the new method is to couple fuel consumption with the transported good units using RFID systems. This enables a much finer allocation and the would be customers could be provided with the opportunity to choose not only on the basis of price but also on the basis of the environmental burden caused by the system. This can be even more important in the view of the notion of "freight integrator" introduced in 2001 by the White Paper about the European transport policy of the European Union. The freight integrator is a transportation service provider who organises door-to-door transport choosing without prejudice the most effective and most sustainable combination of transport modes. For the freight integrator it would be of outstanding importance to be able to select not only the cheapest but the most sustainable transport route and mode [8] . Multicriteria decision support tools have been developed to assist the freight integrator in his work (e.g. [9] ) and as input these need precise numbers that indicate the environmental effect of a given transport operation. The real time CO 2 emission assignment system can be directly used for that.
The emission of CO 2 is a function of traffic, of the delivery routes, of the weight of the transported goods, of the types of trucks used and the behaviour of the drivers. These all have to be taken into account when we want to couple the emission to the transported goods. To achieve this goal the real time CO 2 emission assignment system is divided into 3 subsystems: the information system, the RFID-tag information system and a calculation system (see Fig. 2 for the detailed structure of the system). The information system is dedicated to get the data of the fuel consumption of the trucks in each driving status and subsequently using this and the delivery route to calculate the CO 2 emission in real time. The delivery route is divided into sections, the system calculates the fuel consumption for each section. The start and end points are presently determined manually but this could be automated in the future. The RFID-tag information system is responsible for the collection of data about the loads. To achieve this RFID tags need to be fixed to the goods and the vehicle has to be provided with reader/writer and an antenna. The information system and the RFID-tag information system is connected by Ethernet communication and they feed information into the calculation system and a database. The information is summarized here and the CO 2 emissions are allocated to the transported goods [7] . A case study has been conducted to analyze the efficiency of the system explained above. Differ- ent packages have been delivered to different distances (Fig. 3) , and the CO 2 emission have been modelled. Fig. 4 summarizes the results obtained with the conventional (ton-km) method and those of the new method.
Remaining challenges
While substantial progress has occurred in reducing vehicle emissions and further improvements in air quality are expected in coming years in most major industrialised countries, significant problems remain which require additional action beyond that noted above. The greenhouse gases most closely identified with the transportation sector include carbon dioxide (CO 2 ), nitrous oxide (N 2 O) and methane (CH 4 ). However, it is important to note that other vehicle related pollutants contribute to global warming although their quantification has been more difficult. These include CO, NMHC and NO 2 . The road transport sector has stood out in recent years as one of the few sectors in the Union experiencing CO 2 emissions growth.
Conclusion
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